The oomycete pathogen Phytophthora cactorum causes crown rot, a major disease of 23 cultivated strawberry. We report the draft genome of P. cactorum isolate 10300, cultured 24 from symptomatic Fragaria x ananassa tissue. Our analysis revealed that there are a large 25 number of genes encoding putative secreted effectors in the genome, including nearly 200 26 RxLR domain containing effectors, 77 Crinklers (CRN) grouped into 38 families and 27 numerous apoplastic effectors, such as phytotoxins (PcF proteins) and necrosis inducing 28 proteins. As in other Phytophthora species, the genomic environment of many RxLR and CRN 29 genes differed from core eukaryotic genes, a hallmark of the two-speed genome. We found 30 genes homologous to known Phytophthora infestans avirulence genes including Avr1, Avr3b, 31 Avr4, Avrblb1 and AvrSmira2 indicating effector sequence conservation between Phytophthora 32 species of Clade 1A and 1C. The reported P. cactorum genome sequence and associated 33 annotations represent a comprehensive resource for avirulence gene discovery in other 34 Phytophthora species from Clade 1 and will facilitate effector informed breeding strategies in 35 other crops. 36 37 38 39 40 The oomycetes are a diverse class of eukaryotic microorganisms that include pathogens of plants, 41 animals and fungi (Simão et al. 2015). The causal agents of plant diseases are well represented in 42 this phylogenetic class, with over 60% of known oomycetes characterised as plant pathogens 43
Introduction effectors typically modulate host defense by suppressing host cell death (Anderson et al. 2015) . The 91 recognition of the RxLR class of effectors is mediated by a range of plant resistance proteins 92 (Armstrong et al. 2005; Oh et al. 2009 ; Kourelis and van der Hoorn 2018).
Results
Pathogen genome assembly 262 De-novo genome assembly of the Norwegian strawberry P. cactorum isolate 10300 using ABySS 263 (Simpson et al. 2009 ) generated a 59.3 Mb assembly in 4,623 contigs, with an N50 value of 56.3 kb 264 (Table 1) . Total assembly size was smaller than the other available Phytophthora spp. assemblies 265 including Phytophthora Clade 1C relatives P. parasitica and P. infestans assemblies, but was found 266 to contain a similar or greater gene space within the assembly, with BUSCO identifying 283 of 303 267 CEGs. Of these CEGs, 274 were present in a single copy within the assembly. The P. cactorum 268 genome was found to be repeat-rich, with RepeatModeler and RepeatMasker identifying 18% of the 269 genome as repetitive or low complexity regions. This level of repetitive content was considerably 270 lower than observed in P. infestans, but comparable to P. capsici that has a similarly sized genome 271 of 64 Mb. Meaningful comparisons of repeat content could not be made between the P. cactorum 272 and P. parasitica genomes as the scaffolded P. parasitica assembly contained a high percentage of 273 N's (Table 1) . A total of 23,884 genes encoding 24,189 proteins were predicted from the P. 274 cactorum genome with 21,410 genes predicted from the BRAKER1 pipeline (Hoff et al. 2016) , 275 2,434 additional genes from CodingQuarry (Testa et al. 2015) , and a further 40 coding genes from 276 intergenic ORFs identified as putative secreted RxLR or CRN effectors. The number of predicted 277 genes reported in Phytophthora spp. shows considerable variation between studies, however P. 278 cactorum gene models contained the greatest number of complete single copy CEGs among the 279 assessed Phytophthora spp., indicating good representation of gene space within gene models 280 (Table 1) .
282
Orthology analysis 283 Clustering of predicted proteins from the five Phytophthora spp. using OrthoFinder, resulted in 284 15,162 orthogroups containing 95,739 proteins (87.7% of the total). A total of 20,157 (84%) of 285 predicted P. cactorum proteins had identified orthologs in other Phytophthora spp. Of these, 9,553 orthogroups contained proteins from all five species, with 6,767 orthogroups consisting of a single 287 protein from each species (Fig. 1) .
289
Intergenic distance 290 Intergenic distance (IGD) was determined for each gene, by counting the number of bp to the 291 nearest gene in 5' and 3' directions. Genes that were on the end of a contig and therefore did not 292 have a neighbouring gene up-or down-stream were discarded from this analysis. (PF05630, IPR008701) were identified in P. cactorum, of which 24 were predicted as secreted.
388
Thirty of these proteins were NPP1 homologs in PHIbase, of which 21 were predicted as secreted. In addition to the plant cell wall, cutin acts as a barrier to host penetration by plant pathogens.
397
Pathogens often employ methods to circumvent this barrier such as colonisation via stomata or 398 through wounds. In total, seven genes were annotated as cutinase genes (PF01083), and four of 399 these putative cutinases were predicted as secreted. Interestingly, three of the four secreted 400 cutinases and a non-secreted cutinase (g10526, g10527, g10528, g10530) were clustered in a 5 kb 401 region of the genome. Two of these genes belonged to the same orthogroup, which showed an 402 expansion of genes in P. sojae (14 genes), but similar numbers in the other Phytophthora spp. (3 -4 403 genes). The other two P. cactorum genes were present in single-gene orthogroups unique to P. 404 cactorum. Closer investigation revealed that one of these two genes was truncated, and the other 405 incomplete due to being located on the end of the contig. 
